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One of the most i n t e r e s t i n g and c e r t a i n l y one of the most co l o r -
f u l categories of inorganic compounds i s the group of canplex cobalt can-
pounds. Before considering the a c t u a l preparation of some of these can-
pounds, i t w i l l he w e l l to consider b r i e f l y the v a r i o u s s t r u c t u r a l problems 
which a r i s e , not only i n the case of the cobalt complexes but i n any other 
type of complex as w e l l . 
R e f l e c t i n g back momentarily on ovr e a r l y study of inorganic chemis-
t r y , we r e c a l l our elementary concepts as to j u s t how various elements 
united. We were taught t h a t the combining weight of an element was equal 
to the weight of that element which would combine with the a r b i t r a r y u n i t 
of hydrogen. Likewise we learned that the atomic weight of an element was 
equal e i t h e r to the combining weight or to some i n t e g r a l m u l t i p l e of i t . 
Water, f o r instance, we found corresponded to the formula HgO, i n d i c a t i n g 
t h a t oxygen i s capable of holding two hydrogen atoms. The formula HCL 
shows that c h l o r i n e has the pov/er of holding only one hydrogen aton. From 
t h i s sprang our idea of v a l e n c e , the valence of a p a r t i c u l a r element being 
equal to the number of atons of hydrogen (or any u n i v a l e n t element) with 
which an atom of the element w i l l combine. 
Under t h i s Kekule' system of valence, i t was held that the valence 
of a c e r t a i n element i s constant and i n v a r i a b l e . The question then arose: 
i f the valence of an element never changes, then how do you account f o r a 
% formula l i k e CO, where i t would appear t h a t carbon has a valence of two 
instead of the customary four? The upholders of the i n v a r i a b l e valence 
theory were not daunted by such a query, f o r they had an explanation a l l 
ready. They, nerhaps r a t i o n a l i s t i c a l l y , assmed that there were s t i l l 
unsaturated valences or bonds i n such compounds. Accordingly, GO would 
s t r u c t u r a l l y look l i k e t h i s : 
The two bonds to the r i g b t , of course, represent the unsaturated 
s t a t e . Soon more troublesome compounds were introduced which the sup-
p o r t e r s of i n v a r i a b l e valence could not e x p l a i n so e a s i l y . Therefore, 
i t has been concluded that the valence of an element may vary, but i n any 
i n d i v i d u a l case, " i t i s f i x e d and can never be exceeded". 
These concepts of valence are s a t i s f a c t o r y i n considering the 
more simple compounds, but they are worthless when working with complex 
compounds containing groups of molecules i n which a l l the valences are 
s a t i s f i e d . Accordingly, we f i n d i t necessary to view such compounds i n 
the l i g h t of the Coordination Theory, 
Our problem a t hand i s to see how a compound which according to 
i t s valences i s s a t i s f i e d , yet i t has the power to take on a d d i t i o n a l 
molecules. Let us use the words of A, Werner, the o r i g i n a t o r of the 
Coordination Theory. He says, "Even when, to judge by the valence number, 
the combining power of c e r t a i n atoms i s exhausted, they s t i l l p ossess,in 
most cases, the power of p a r t i c i p a t i n g f u r t h e r i n the c o n s t r u c t i o n of com-
plex molecules with the formation of v e r y d e f i n i t e atomic l i n k a g e s . The 
p o s s i b i l i t y of t h i s a c t i o n i s to be traced back to the f a c t t h a t , besides 
the a f f i n i t y bonds designated as p r i n c i p a l v a l e n c e s , s t i l l other bonds a t 
the a t a a s , c a l l e d a u x i l i a r y v a l e n c e s , may be c a l l e d i n t o a c t i o n " . 
Le t us analyze what Dr. Werner has s a i d , by considering a d e f i n i t e 
example. There i s a cobalt campoiind w i t h the formula CoClg^eMg. We f i n d 
t h at on t r e a t i n g t h i s compound w i t h s i l v e r n i t r a t e , the three c h l o r i n e 
atoms are p r e c i p i t a t e d . On the other hand, the ammonia molecules are not 
e f f e c t e d by treatment w i t h a c i d . T h i s would l e a d us to b e l i e v e t h a t , i n 
some way or other, the c h l o r i n e atons are only l o o s e l y connected, while the 
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ammonia r a d i c a l s are i n complex xinion with some element which destroys 
t h e i r c h a r a c t e r i s t i c f u n c t i c m a l p r o p e r t i e s . On the b a s i s of Werner's 
theory we w r i t e the foimula -
The dotted l i n e s represent t h e k x a u x i l i a r y valences connected to the 
cobalt ation. T h i s combination enclosed i n the brackets i s known as the 
" c e n t r a l atom" of the complex. The cobalt and ammonia i n s i d e t h i s 
" c e n t r a l atom" have l o s t t h e i r chemical c h a r a c t e r i s t i c s as shown by 
various t e s t s . On the other hand we f i n d the c h l o r i n e atoms s t i l l r e -
t a i n a l l t h e i r p r o p e r t i e s and are e a s i l y p r e c i p i t a t e d by s i l v e r n i t r a t e . 
Cobalt has s i x a t t x l l i a r y valences - t h e r e f o r e , s i x i s the 
coordination number of c o b a l t . These a u x i l i a r y valences are always i n -
s i d e the brackets or the inner sphere. 
I t might be advisable a t t h i s point to consider the concept off 
anions and cations as evidenced i n the complex compounds. We know, of 
course, that a complex can e i t h e r be negative ( a n i o n ) , p o s i t i v e ( c a t i o n ) , 
or n e u t r a l . Now l e t us consider how i t i s p o s s i b l e to determine i f a 
complex i s a c a t i o n , an anion, or i f i t i s n e u t r a l . 
Ex. I. 
(a) The valence of the c e n t r a l atom, Co, i s 3 
(b) The number of u n i v a l e n t a c i d r a d i c a l s i s 1 ( C I ) 
I n order to f i n d the valence of the complex nucleus, we need but 
to s u b t r a c t 1 from 3. g i v i n g us nlue 2 as the valence of the complex. 
H s N - - - - k o : - - -
T h i s complex i s therefore a b i v a l e n t c a t i o n . L e t us consider one more 
example: 
H3N - - ; ;Co;; - -no^ 
( a ) The valence of the c e n t r a l atom i s 3 (Co) 
(b) The nvimber of u n i v a l e n t a c i d r a d i c a l s i s 4, {NOg)^ 
Su b t r a c t i n g -
3 - 4 -1 
The complex i s , t h e r e f o r e , a u n i v a l e n t anion. 
I n considering any tjrpe of compound, i t i s most important t h a t the 
system of nomenclature be w e l l understood. There are s e v e r a l b a s i c r u l e s 
which must be followed when naming these complexes. The v a r i c e s c o n s t i t u e n t s 
are named i n the f o l l o w i n g order -
1 s t - The ac i d r a d i c a l 
2nd - Groups l i k e (HgO), ( 0 ) , (Og), or (CH) 
3rd - The ammine groups 
4th - The c e n t r a l atom 
5th - The name of the a c i d r a d i c a l not i n the nucleus. 
L e t us t r y naming seme of the canpounds which w i l l be discussed l a t e r -
[co(NH3)4C03jN03 
1 . The a c i d r a d i c a l i s the carbonate and since i t i s b i v a l e n t 
the s u f f i x "o" i s added carbonate 
2. There are four ammine groups- tetrammlne 
3. The c e n t r a l atom i s cobalt c o b a l t i c 
4. The group outside the nucleus i s NO3- - n i t r a t e 
The name of the above compound i s carbonatotetramminecobaltic 
n i t r a t e . 
K 
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Qne more example w i l l serve to make the r u l e s c l e a r -
1 . There i s no a c i d r a d i c a l i n the nucleus. 
2. ague 
3. There are f i v e ammine r a d i c a l s •pentammlne 
4. The c e n t r a l atom i s cobalt c o b a l t i c 
5. The atom outside the nucleus i s C I chlo r i d e 
The name of the compound i s aquopentamminecobaltic c h l o r i d e . 
There are two major d i v i s i o n s of complex compotinds: the addition 
compounds and the s o - c a l l e d penetration compounds. The ad d i t i o n compoinds 
are formed when one or more molecules add to a compound by means of the 
a u x i l i a r y v a l e n c e s . I n t h i s case, the added molecules are a l l bound 
d i r e c t l y i n the nucleus. I n penetration compounds, molecules are taken on 
which replace r a d i c a l s already i n s i d e the sat u r a t e d complex nucleus,and 
f o r c e thott outside the c e n t r a l sphere. 
I n ray experiments with the cobalt complexes, I came across a com-
pound which i s very i n t e r e s t i n g i n that i t i s n e i t h e r an anion nor a c a t i o n , 
but i s n e u t r a l and, t h e r e f o r e , a n o n - e l e c t r o l y t e . This' compound w i l l serve 
to i l l u s t r a t e the a d d i t i o n type o f compound. The compound i s 
which, according to our scheme of nomenclature, i s c a l l e d t r i n i t r o t r i a m m i n e -
cobalt. L i k e w i s e u t i l i z i n g some of the information presented e a r l i e r i n t h i s 
paper, we can show that t h i s compound i s n e u t r a l . The method, of course, i s 
to subtract the number of u n i v a l e n t a c i d r a d i c a l s from the valence of the 
c e n t r a l atom. I n t h i s case that would amount to s u b t r a c t i n g 3 from 3, g i v i n g 
us zero and i n d i c a t i n g n e u t r a l i t y . I prepared t h i s compomd by f i r s t d i s s o l v -
ing ammonium chloride and sodium n i t r i t e i n water, ammonium n i t r i t e being 
foimed. The ammonixan n i t r i t e was then t r e a t e d with cdbaltoxjs c h l o r i d e , pro-
ducing cobaltous n i t r i t e . T h i s i s i n t u m t r e a t e d with ammonia and oxidized 
(cobaltous to c o b a l t i c and n i t r i t e to n i t r a t e ) . On standing s e v e r a l days 
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yellowish-brown c r y s t a l s of t r i n i t r o t r i a m m i n e c o b a l t appear. S t r u c t u r a l l y 
our compound looks l i k e t h i s -
S o l u t i o n s of t h i s compound w i l l not conduct an e l e c t r i c current nor 
w i l l they give p r e c i p i t a t e s with mercuric c h l o r i d e , o x a l a t e s , or chromates. 
As an i l l u s t r a t i o n of what i s meant by a penetration compound, l e t 
UB consider dinitrotetramminecobaltic chloride,jco(NH3)^(N02)^ 01. T h i s 
compound, l i k e the one above, i s formed by r e a c t i n g ammonium c h l o r i d e and 
sodium n i t r i t e , y i e l d i n g ammonlvim n i t r i t e , which i s i n tu r n treated with 
cobaltous c h l o r i d e . For the purpose of i l l u s t r a t i n g the penetration i d e a , 
l e t us assume that the intermediate product formed a t t h i s p o int, corresponds 
to t h i s -
NH3 
CI 
*• N H 
The conpound i s next treated with ammonia and oxidized -
r NH3 
What has happened i s evident from the formula. The added mole-
cule of ammonia has entered the sphere, f o r c i n g the c h l o r i n e atom i n t o 
a p o s i t i o n outside the c e n t r a l union. Hie process of penetration has 
taken p l a c e . 
The more d e f i n i t e and s p e c i f i c name given to the compound above 
i s 1,6 dinitrotetramminecobaltic c h l o r i d e . The 1.6 r e f e r s to the p o s i -
t i o n s of the n i t r a t e atoms i n the s t r u c t u r a l outlay of the compound. 
I t seems th a t many compounds answer to the same em p i r i c a l formula, yet 
possess d i f f e r e n t p h y s i c a l and chemical p r o p e r t i e s . Such compounds are 
spoken of as being isomeric. T h e i r d i f f e r e n c e s i n p h y s i c a l and chemical 
p r o p e r t i e s i n d i c a t e t h a t the compounds are not i d e n t i c a l i n s t r u c t u r e . 
Dr. Werner has advanced a theory which maintains that the con s t i t u e n t s 
of the inne r sphere are arranged d i f f e r e n t l y i n space. Therefore we may 
v i s u a l i z e the s p a c i a l s t r u c t u r e around a cobalt atom as t h i s : 
We have reason to b e l i e v e that t h i s p a r t i c u l a r dinitrotetrammine 
s a l t has the two n i t r a t e groups i n the p o s i t i o n s designated by I and 2 
i n the s t r u c t u r a l scheme. 
known as croceocobalt s a l t s . 
The 1.6 compounds are a l s o 
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Another substance which I prepared w i l l i l l u s t r a t e how a compo-
und w i t h an e m p i r i c a l formula i d e n t i c a l to the on above has a decidedly-
d i f f e r e n t s p a c i a l arrangement and consequently d i f f e r e n t p r o p e r t i e s . 
This compound i s s p e c i f i c a l l y c a l l e d 1.2 dinitrotetraraminecobaltic n i t r a t e . 
R e f e r r i n g once again to the numbered s p a c i a l arrangement, we notice how 
i t d i f f e r s frcrni the 1.6 s a l t . 
/ The 1.2 compounds are a l s o 
i/ * known as f l a v o c o h a l t s a l t s . 
I prepared t h i s 1.2 dinitrotetramminecobaltic n i t r a t e frcm a com-
pound which I had p r e v i o u s l y made, carbonatotetramminecobaltic n i t r a t e , 
Co{NH3)^C0^ NO3. By t r e a t i n g t h i s with water and n i t r i c a c i d , the c a r -
bonate group i s replaced by two water molecules, forming a blood-red 
s o l u t i o n of diaquotetramminecobaltic n i t r a t e , ^o[mr^^)^{'R^O)^m^. Sodium 
n i t r i t e i s added, together with n i t r i c a c i d , r e s u l t i n g i n the evolution 
of n i t r i c oxide and the replacement of the two water molecules by two 
n i t r a t e r a d i c a l s , y i e l d i n g ]po{m^)^{m^)^m^. 
Along side of the s p a c i a l diagrams of the 1.2 and 1.6 s a l t s , given 
above, I have put the names of the type OT compound each r e p r e s e n t s . I n one 
case the name i s f l a v o c o h a l t s a l t , whereas the other i s a croceocobalt 
s a l t , Croceocobalt s a l t s are those having four NH^ r a d i c a l s , and two 
NO3 groups i n the 1.6 p o s i t i o n s . The f l a v o c o b a l t s a l t s are s i m l a r except 
that the a c i d groups are i n the 1.2 p o s i t i o n s . 
I f two c h l o r i n e or brcm?lne atcxns were to replace the n i t r a t e 
groups i n the above, the r e s u l t i n g compounds would be known as praseo-
s a l t s (the two c h l o r i n e or bromine atoms being i n the 1 , 6 p o s i t i o n s ) , 
or as v i o l e o - s a l t s (the two c h l o r i n e or bromine atoms being i n the 
1,2 p o s i t i o n s ) . 
^ y y Z 1 
a/ 
V i o l e o -
The p r a s e o - s a l t can best be prepared i n the laboratory by a 
method using carbonatotetramminecobaltic n i t r a t e as the s t a r t i n g com-
pound, ( |co(NHg)^Co3]N02. This i s f i r s t t r e a t e d w i t h con. H Br and 
then heated. Carbon dioxide i s given cf'f and a mixture of dibromotetram-
minecobaltic brcmide, Co(NH3)^Brg B r , and brcmoaquo-tetramminecobaltic 
bromide, [co(NH3)^Br HpojBr, r e s x i l t s . The former i s , of course, the can-
pound we are looking f o r , so the l a t t e r can e a s i l y be removed by d i s s o l v i n g 
i t i n water. I n the l i g h t of what we have s a i d before concerning praseo-
s a l t s , the nuclea-r s t r u c t u r e of dibromotetramminecobaltic branide i s -
ZZ7 ^ 
One of the l e s s involved types of compounds i n the s e r i e s of 
cobalt complexes i s the c l a s s c a l l e d l u t e o c o b a l t s a l t s . These s a l t s 
have a nucleus e n t i r e l y saturated w i th anmonia r a d i c a l s , while outside 
the c e n t r a l sphere are three a c i d r a d i c a l s - j c o ( N H g ) g ] . I prepared 
the n i t r a t e of t h i s c l a s s , vrtiich has the formula Co(NH3)g ( ^ 3 ) 3 , and 
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which i s c a l l e d hexamminecobaltic n i t r a t e . Using cobaltous carbonate 
as my i n i t i a l compound, I obtained cobaltous n i t r a t e by r e a c t i n g i t 
with n i t r i c a c i d . Ammonia i s added, and the conpound i s oxidized to 
the c o b a l t i c s t a t e by the i n t r o d u c t i o n of iodine. The ammonia r a d i c a l s 
connect to the s i x a u x i l i a r y valences of the cobalt atcoi and the lute o -
s a l t i s formed - Co(NH„) (N0_)_. Or s t r u c t u r a l l y -




I p r e v i o u s l y mentioned carbonatotetramminecobaltic n i t r a t e which 
was used i n the preparation of 1,2 dinitrotetramminecobaltic n i t r a t e . 
Before preparing the l a t t e r substance, i t was necessary f o r me to can-
pound the f o m e r . I treated cobaltous n i t r a t e with ammonium carbonate, 
which supplied the carbonate r a d i c a l ; then with con. ammonia which pro-
vided the four ammine r a d i c a l s . T h i s e n t i r e mixture was next oxidized by 
passing a i r through i t f o r s e v e r a l hours, changing the cobalt valence from 
two to thre e . On concentrating t h i s oxidized mixtxire and allowing i t to 
co o l , purple c r y s t a l s of carbonatotetramminecobaltic n i t r a t e s e t t l e out. 
- l i -
l t i s quite an easy task to transform the carhonatotetrammine-
c b b a l t i c n i t r a t e , Co(NH ) CO I N O , into chloropentamminecobaltic 
L o ̂  o-» 3 
c h l o r i d e , jcolKH^lgCl Clg. By looking a t the equations i t can r e a d i l y 
be seen that to accomplish this i t w i l l be necessary to s u b s t i t u t e an 
ammonia r a d i c a l and a ch l o r i n e aton f o r the carbonate group, g i v i n g us 
jcolNHglgCl f o r the c e n t r a l sphere. T h i s complex r a d i c a l i s a b i v a l e n t 
c a t i j n and i s therefore canable o f "tak i n g on" two negative atoms, such 
as C l . Now that we know what must be done we can proceed with the 
a c t u a l preparation. By r e a c t i n g the carbonatotetramminecobaltic n i t r a t e 
with h y d r o c h l o r i c a c i d , chloroaquotetramrainecobaltic c h l o r i d e , 
Co(NH^)^(HgO)Cljci^,is formed. By adding ammonia and heating, an 
ammonia r a d i c a l i s s u b s t i t u t e d f o r the chlorine atom i n the sphere and 
we have a compound c a l l e d aquopentamminecobaltic c h l o r i d e , |co{NH3)5Hgo] Clg. 
F i n a l l y by a c i d i f i c a t i o n with h y d r o c h l o r i c a c i d , the (HgO) i s replaced by 
( C l ) , and the end compound i s chloropentamminecobaltic c h l o r i d e , 
[colNHgjgClJcig, a v i o l e t - r e d s a l t . 
Many of the cobalt complexes can be prepared i n various ways. I n 
my preparations I have u s u a l l y selected themost w e l l known or most p r a c t i c a l 
method. Chloropentamminecobaltic c h l o r i d e , however, has two e q u a l l y 
important methods of prepar a t i o n , and, t h e r e f o r e , I compounded the sub-
stance by both procedures. The one method i s given d i r e c t l y above. The 
other i n v o l v e s the use of cobalt carbonate. Hexaraminecobaltcus c h l o r i d e , 
j c o l N H g l g j c i , i s produced by r e a c t i n g the cobaltous carbonate with 
hydrochloric a c i d , ammonia, and ammonium carbonate. By o x i d i z i n g t h i s 
s o l u t i o n with a i r , a mixture of compounds r e s u l t s , the one p e r t i n e n t to 
our procedure being the oxycobaltammine c h l o r i d e , ^CogOgCNHgl^gjci^. 
The addition of ammonium carbonate brings about the formation of 
chloropentamminecobaltic c h l o r i d e , 00(^3)^01 01^, and aquopentammine-
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c o b a l t i c c h l o r i d e , [^©(NHjlg HgO. C l g . The l a t t e r product can be changed 
into ehloropentaiminecobaltic c h l o r i d e by r e p l a c i n g the (H O) by a 
c h l o r i n e atcm. The c h l o r i n e aton i s supplied by hydr o c h l o r i c a c i d , and 
the f i n a l product i s 00(^3)501) C l g , 
I n the preparing o f chloropentamminecobaltic chloride we came 
across aquopentamminecobaltic c h l o r i d e as an intermediate product. Now 
l e t us consider how we might perform the reverse of t h i s - i n other 
words, prepare aquopentamminecobaltic chloride frcm chloropentamminecobaltic 
c h l o r i d e . T h i s i s best done by d i s s o l v i n g the chlorqpentaraminecobaltic 
c h l o r i d e i n ammonia and heating, y i e l d i n g aquopentamminecobaltic c h l o r i d e , 
l|co(NH3)g HgO C I 3 . I t does not separate, however, u n t i l the s o l u t i o n i s 
t r e a t e d with cold hydrochloric a c i d . I t i s important that the s o l u t i o n 
during the ad d i t i o n of hy d r o c h l o r i c a c i d be v e r y cold, f o r i f i t i s not, 
chloropentamminecobaltic chloride w i l l be re-fomed. The aquopentammine-
c o h a l t i c c h l o r i d e i s one of the s e r i e s of canpounds known as r o s e o - s a l t s , 
a l l of which contain e i t h e r one, tv/o or three molecules i n s i d e the sphere. 
Thus we have considered something of the Coordination Theory; 
have glanced b r i e f l y a t the determination of whether a compound i s negative, 
p o s i t i v e , or n e u t r a l ; have discovered j u s t how the complex compounds are 
named; have viewed examples of penetration and addition types of compounds; 
have accounted f o r isomeric phenomena on the b a s i s of s p a c i a l s t r u c t u r e ; 
and, f i n a l l y , have prepared eight of the t y p i c a l cobalt complexes which 
serve to c l a r i f y not only the v a r i o u s points summarized i n t h i s paragraph 
but many other i d i o s y n c r a s i e s of the complexes as w e l l . 
The f o l l o w i n g c h a r t w i l l serve as a comprehensive summary of the 
laborat o r y work, "* 

